Brome mosaic virus (BMV) can be radioactively labelled by allowing virus synthesis to take place in barley leaves whose cut ends are placed in solutions of radioactive precursors of BMV. When barley plants are infected by inoculation of the first emerging leaf, the rate of incorporation of both [14C]-leucine and [z~P]-orthophosphate into virus particles was found to be maximal in the second leaf, cut and labelled 4 to 5 days after inoculation. The rate of incorporation declined when the labelling or the cutting and labelling were delayed, even though assembly of particles still took place from pre-formed components. An exposure of 72 h to an appropriate amount of z2p yielded highly radioactive BMV RNA for possible sequencing studies. A specific radioactivity (32p) of the order of I mCi/mg RNA can be obtained readily.
The introduction of radioactive isotopes, essential for many studies of viruses, is difficult with plant viruses and limits the extent of RNA and protein sequencing (Horst, FraenkelConrat & Mandeles, I97~) . The uptake of 3~p into leaves through the roots is usually more effective than floating leaf disks or placing leaves with their cut petioles into the isotope solutions (Matthews, 197o) . This method, however, cannot be used for other precursors such as amino acids and nucleosides.
In our laboratory [32P]-labelled BMV has been prepared by immersing cut barley leaves in an appropriate isotope solution (Shih, Lane & Kaesberg, i972) . With this method, good yields of virus could be obtained but specific activities were too low for substantial sequencing studies. In the present investigation we have improved conditions for growing BMV in barley leaves and for labelling the virus with [32P]-orthophosphate and [~4C]-amino acids. We show that under adequate conditions of virus growth and pulse-labelling, asp. act. of the order of I mCi/mg RNA can be obtained.
Barley seeds (Hordeum vulgare L., var. Moore) were disinfected for 2o min in a 2 ~o hypochlorite solution and germinated in vermiculite at 3o °C in the dark. After 48 h the seedlings were placed under continuous light (approx. 3ooo foot candles) at 23 °C and 68 to 72 % relative humidity. They were watered daily with Hyponex solution (250 ml Hyponex plant food, L. L. Olds Seeds Co., Madison, per Ioo litres of water). Under these conditions, the second leaf appeared on day 8 or 9 after germination. The seedlings were inoculated at the one-leaf stage (7 days after germination) with a purified suspension of BMV (o.2 mg/ml) mixed with carborundum. As reported by Semal & Kummert (197I) , symptoms appeared at the base of the second leaf 4 days after inoculation of the first leaf.
For isotopic labelling, plants were cut at the base of the stem and transferred into vials (2 cm x 8 cm) with the stalks dipping into the isotope solution (Io plants per vial containing o'5 ml of solution). They were kept in the same conditions of light, temperature and humidity. Some distilled water was added after all the isotope had been taken up (usually 3 to 4 h). In most of the experiments reported here, only the second leaf was used. The outer inoculated leaf was then removed at the time of labelling or as otherwise stated. 
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The procedure for the extraction of BMV was essentially that described by Shih et al.
(I972) adapted for extraction from less than IOg of leaves. Twenty to 5o leaves were homogenized in a mortar with sand (rather than homogenized with a Waring blendor) and IO ml/g fresh weight of o'5 M-sodium acetate, o.o8 M-magnesium acetate, pH4"5; I ml carbon tetrachloride; and o.i ml of mercaptoethanol. The homogenate was centrifuged for 15 min at IOOOO rev/min, o'25 ml of 3o % (w/w) polyethylene glycol was added per ml of supernatant fluid and the resulting suspension was stirred for 3o min at o °C and then centrifuged for io min at ioooo rev/min. The pellet was dissolved in virus buffer (5o mi-sodium acetate, 8 mr+magnesium acetate, pH 4"5) with 2 ml of buffer per g of starting material. After centrifuging for ~5 min at I5OOO rev/min the virus was pelleted by centrifuging at 5oooo rev/min for 4 h in a Spinco type 5o Ti rotor, or at 4oooo rev/min for 16 h in a type 4 ° rotor. The pellet was dissolved in virus buffer and centrifuged for 15 rain at 15 ooo rev/min. When the virus required further purification, the solution was subjected to 2 additional cycles of differential sedimentation (5o ooo rev/min for 3 to 4 h and 15 ooo rev/min for 15 rain). The concentration of BMV was calculated, assuming an absorbancy index of 5"o E~n0/mg (Bockstahler & Kaesberg, 1965) . To obtain efficient labelling it was necessary to determine whether different leaves yielded the same amount of BMV following inoculation. As shown in Fig. I a a relatively small amount of virus could be detected in the first leaf (the inoculated leaf). The virus appeared in the second and third leaves 4 to 5 days following inoculation, after which the virus content increased linearly for the next few days. The virus content levelled off usually IO to I 2 days after inoculation, at a concentration of BMV varying between 3 and 5 mg/g of fully expanded fresh leaves (about 5oo #g/leaf). At this stage of infection no infected plant had reached the four-leaf stage and less than half the plants had developed a third leaf. For that reason, and because of the low yield in the first leaf, only second leaves were used in subsequent experiments.
To determine the optimum time for labelling virus particles with radioactive precursors, second leaves were excised from intact plants at various times following inoculation and incubated for 24 h in a solution of both [a4C]-leu (5 #Ci) and 3~p (5 #Ci). The amount of both tracers incorporated into BMW particles during the z 4 h pulse varied greatly with the age of the leaves. -leu (5/*Ci; sp. act., 4I 2 mCi/mM) and 3~p (5 #Ci; carrier-free). The virus was extracted and purified as described in the text. 4 mg BMV were added as a carrier to every sample before the precipitation with polyethylene glycol. The radioactivity found in BMV is expressed as the percentage of the total radioactivity incorporated in the leaves after 24 h of pulse: (b) incorporation of [a4C]-leu; (c) incorporation of 3zp. (d) and (e) Incorporation of [14C]-leu and 32p into BMV components. Plants were inoculated at the one-leaf stage 7 days after germination. The second leaves were excised on the 5th day following inoculation and placed in a solution of both [laC]-leu and 3-~p for z4 h (I I*Ci of both isotopes/ml/zo leaves). After 24 h the leaves were placed in distilled water for the next 5 days. (d) At 24 h intervals, 2o leaves were extracted and the radioactivity of BMV was determined. ---, leaves were excised on the 5th day following inoculation but exposed to the isotope on day 6 or 7 for a period of 24 h; (c) the BMV concentration (from zo leaves) was determined by a spectrophotometric determination at z6o nm. Second leaves were isolated 4 days after inoculation and incubated in the isotope (I0 leaves per vial containing 0"5 ml of solution). The virus was isolated after 72 h of incubation.
after inoculation. The rate of incorporation was maximal on the 5th day and then declined sharply. This is consistent with a report by that the BMV RNA polymerase reaches its peak of activity the same day systemic symptoms begin to appear. However, the loss in the ability of leaves to incorporate both tracers into BMV after the 7th day is in apparent contradiction with our experiment of Fig. I a which shows a linear increase in BMV concentration up to days 8 and 9.
It is unlikely that an eventual change in the endogenous pool of both leucine and orthophosphate would cause such a decrease in incorporation by isotopic dilution. The amount of tracer found in BMV after a constant exposure time to the isotope is rather indicative of the rate at which both coat protein and virus RNA components are being synthesized. Our results could be reconciled by the assumption that the synthesis of virus coat protein and RNA is rather restricted in time but the assembly of particles would still occur later in infection (e.g. on days 7, 8 and 9) from pre-formed components.
To investigate this possibility both coat protein and RNA were labelled on the 5th day and the incorporation of isotopes into particles was followed throughout the next 6 days. Infected second leaves were excised on the 5th day after inoculation and labelled immediately with [laC]-leu and 32p. The isotope solution was taken up within the first 3 h of incubation. They were transferred to distilled water after 24 h. Under such conditions the formation of BMV particles occurred normally. The virus concentration, which was of the order of I5o to 200/zg/leaf on day 5, reached the value of 4oo to 550 #g/leaf in a further 3 to 4 days and then levelled off (Fig. I e) . In contrast with the previous experiment ( Fig. ~ b and c) there was still a substantial incorporation of both [14C]-leu and 32p during the 6th and 7th days. This, however, occurred only when the tracers were introduced after excision of plants on day 5. When the leaves were exposed to the isotopes after incubation in distilled water for 24 h (pulse on day 6) or 48 h (pulse on day 7, reproducing in this experiment a situation similar to the conditions of Fig. I b and c) much less incorporation was observed. This indicates that the increase in the concentration of radioactive BMV particles on days 6 and 7 was due to the assembly of components synthesized mostly during the 5th day of infection.
Under our chosen conditions it is, therefore, important for an optimum incorporation of 32p into BMV RNA to start labelling 4 to 5 days after inoculation, when the rate of RNA synthesis is the highest, and to extract the leaves only when the assembly of particles is complete. In routine experiments we sectioned the second leaves 4 days after inoculation, when systemic symptoms had appeared, and incubated them for the next 72 h in the presence of the isotope. Table 1 gives the results of various experiments listed according to the amount of a~P administered per leaf. The amount of incorporation was of the order of IO % when the leaves were exposed to o'o5 to 25/~Ci but was significantly less when a larger amount of isotope was applied. Because carrierfree 32p was used, such an effect was unlikely due to the attainment of saturation levels in the amount of phosphate that could be incorporated. Also, at the highest doses of 3ooo/~Ci per leaf, the yields of BMV were particularly low. The reduction in both yield and rate of incorporation was, therefore, rather indicative of radiation damages by high doses of radioactivity. Surprisingly, the specific activities were still very high, and of the same order as those obtained with Escherichia coli phages (Dahlberg, I968; Argetsinger Steitz, I969). In experiments designed for RNA sequencing we found it convenient to isolate 2 to 3 mg of RNA. We favoured, therefore, the use of 3 ° mCi of 32p per 2o leaves, yielding about IO mg of virus with asp. act. of o. 5 to o'7 mCi/mg RNA.
